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Abstract: A convenient procedure was developed for the preparation of 4,5-dihydroimidazole-2-carboxamides by the

reaction of monothiooxamides with ethylenediamine.
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Introduction

_ 4,5-Dihydroimidazole derivatives find application as corrosion inhibitors" 2 and as starting compounds
in the synthesis of biologically active compounds, for example, 4,5-dihydroimidazole-2-carboxamides,

possessing anti-hypertensive properties.3

Previously, we have developed a simple approach to the synthesis of monothiooxamides® by the reactions
of chloroacetamides with a solution of elemental sulfur in amines (prepared in advance) at room
temperature. In this work, we studied the reactions of monothiooxamides with N-nucleophiles to develop a
5|m|3l_%\_ convenient procedure for the preparation of 4,5-dihydroimidazole-2-carboxamides under mild
conditions.

Results and Discussion
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It is known® that the reactions of primary amines with thioamides can either proceed with the formation
of an imine fragment or result in transamidation. With the aim of examlnlnﬂ general regularities of reactions
of monothiooxamides with amines, we first studied the reactions of N(O)-phenylmonothiooxamides (1) with
primary amines.
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It was found that transamidation did not affect the C;qur_oup and the amino ﬁroup of the amide
fragment. The highest yield of compound (1a) was obtained in the reaction with N(S)-morpholino

deriva@tives of monothiooxamides, which can be obtained from chloroacetamides in high yields.* The
electron-acceptor and electron-donor substituents in the benzene ring of the amide fragment have no
noticeable effect on transamidation under the action of primary amines.

With the aim of synthesizing 4,5-dihydroimidazole-2-carboxamides, we studied the reactions of N(S)-

morl'__pholino derivatives (1a-c) with ethylenediamine. The reactions were carried out in ethylene€diamine or
DMF at ~20 €@C. 4,5-Dihydroimidazole-2-carboxamides (2a-c) were prepared in 60€90% Yyields.
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Based on the results of transamidation of monothiooxamides, it can be concluded that the first stage of
the reaction with ethylenediamine involves the replacement of the morpholine fragment to form the
corresponding monothiooxamide. We examined the pos@sibility of the synthesis of 4,5-dihydroimidazole-2-
carboxamides in one stage by the reaction of chloroacetanilides with a solution (prepared preliminargpily) of
elemental sulfur in ethylenediamine. It apﬂeared that the direction of the reaction depended on the order in
which the reagents were introduced into the reaction. When a solution of elemental sulfur in
ethylenediamine was added to chloroacetanilide, bis(thiooxamide) (3) was formed.
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_When chloroacetanilide was added to a solution of sulfur in eth)lle_nediamine, the corresponding 4,5-
dihydroimidazole-2-carboxamides (2a-i) were obtained in 50€80% yields.

Thus, we developed a simple procedure for the synthesis of 4,5-dihydroimidazole-2-carboxamides from
readily available reagents.

Experimental

The IR spectra were recorded on a Specord IR-80 spectro-photometer in KBr pellets. The H1 NMR
spectra were obtained on Bruker AC-200 (200 MHz) and Bruker WM-250 (250 MHz) instruments in DMSO-
dg relative to HMDS. The mass spectra were measured on a Varian MAT CH-6 instrument with direct inlet

of the sample into the ion source with a control voltage of 1.75 kV; the energy of ionizing electrons was 70
eV. The melting points were measured on a Boetius table and are uncorrected. The reaction mixtures were
analyzed and the purity of the products isolated was monitored by TLC on Silufol UV-254 plates in an
EtOAc@hexane system (1:1, v/v).

Reactions of N(O)-arylmonotbiooxamides with primary amines (general procedure). N(O)-
Arylmonothiooxamide (0.10 g) was dissolved in the corresponding amine (1 ml). The solution was kept at
room temperature until the initial compound disappeared (TLC control) and then poured into water (20
ml). The precipitate that formed was filtered off, washed with water, dried, and recrystajlized from
ethanol.

Reactions of N(O)-arylmonothiooxamides with ethyienediamine.

N2-phenyl-4,5-dihydro-1H-2-imidazolecarboxamide (2a). A solution of S-morpholino-N(O)-
phenylmonothiooxamide (0.10 g, 0.4 mmol) in ethylenediamine (1 ml, 15 mmol) was kept for 1.5 h at
room temperature. Then the reaction mixture was poured into water and the precipitate that formed was
filtered off and dried. After recrystallization from ethanol, the yield of compound 2a was 0.23 g (60%), m.p.
195-196 @C.



N2-(4-chlorophenyl)-4,5-dihydro-1H-2-imidazolecarboxamide (2b). The reaction with
monothiooxamide was carried out analogously. The yield of compound 2b was 0.07 g (90%), m.p.
235¢236.5 @C (from ethanol).

N2-[4-(aminosulfonyl)phenyl]-4,5-dihydro-1H-2-imidazolecarboxamide (2c). A solution of
monothiooxamide (0.10 g, 0.3 mmol) in ethylenediamine (2.0 ml, 1.79 g, 29 mmol) was kept for 2 h at
room temperature (TLC control, EtOAc€hexane, 3 : 1). The reaction solution was poured into water (50
ml) and extracted with EtOAc (3?30 ml). The organic layer was dried with MgSO, and the solvent was

evaporated in vacuo. The residue was crystallized from ethanol. The yield was 0.05 g (63%), m.p. 280 €C.

Reactions of chloroacetamides with ethyienediamine and elemental sulfur (general procedure
for the preparation of 4,5-dihydroimidazole-2-carboxamides). A mixture of sulfur (1-0 g, 30 mmol)
and ethylenediamine (10 mL, 150 mmol) was stirred for 30 min at room temperature until the dark-red
solution was formed. Then chloroacetanilide (6 mmol) was added portionwise with stir@ring over 10 min.
The reaction mixture was stirred for 30 min and poured into water (100 mL). The precipitate was filtered
off, washed with water, dried, dissolved in acetone, and fil@tered to remove unconsumed sulfur. The
acetone solution was concentrated and the residue was recrystallized from ethanol. The characteristics of
the resulting 4,5-dihydroimidazole-2-carboxamides 2a-i are given in Tablel.

N,N@-Bis(2-anilino-2-oxothioacetyl)-l,2-ethylenediamine (3). A mixture of sulfur (0.5 g, 15.6
mmol) and ethylenediamine (0.2 ml, 0.18 g, 2.9 mmol) was stirred for 30 min at room temperature. Then
the reaction mixture was added portionwise to a solution of chloroacetamide (0.5 g, 2.95 mmol) in DMF (5
ml) over 10 min. After 30 min (TLC control), the mixture was poured into water (50 mL). After 12 h, the
precipitate that formed was filtered off, dried, dissolved in acetone, and filtered to remove unconsumed
sulfur. The acetone solution was concentrated and the residue was recrystallized from ethanol. The yield
was 0.40 g (36%), m.p. 198-200 €C. Found (%): C, 56.10;

H, 4.39; N, 14.37. C1gH1gN,05S, . Calculated (%): C, 55.94;
H, 4.69; N, 14.50. H1 NMR, d: 3.98 (m, 4 H. 2 -2?-);

7.25 (t, 2 H, 2 Harom.); 7.37 (t, 4 H, 4 Harom.); 7.75 (d, 4 H, 4 H arom.); 10.30 (s, 2 H, 2 NH); 11.00 (s,
2 H, 2 NH). MS, m/z: 386 [M]*

Table 1

Table 1. Characteristics of the synthesized 4,5-dihydroimidazole-2-carboxamides (2ai)



am- Yield M.p/°C Eound _ ¢ Maolectilar 'H NMER (DMS0-d,), 8 MS,

pound {%) Caloutated formula mfz
c H M
Ia 71 195—196 633 595 224l CpH,N,0 3755, 4H,2-—CH,—); 705(, | H, Harom), 188
6348 386 2271 73001, 3 M, Haromy; 7.57 (d, 2 H, Harem)  [M - 1]
h* B0 23—238 5351 440 1883 CHCIN,O 3655, 4 H, 2 —CH,—); 7.35 (d, 2 H, H arom.); 223, 225
370 451 1E79 TED {d, 2 H, H arem.); 10,40 s, 1| H, NH) M
1e 63 260—281 4481 438 2079 G HpMN,0,8 36045, 4 H, 2 —CH,—); 4.0 (brs, 4 H, NH): 267
4477 451 70.88 175 (d, 2 H, H arom.}; 7.95 (d, 2 H, H arom.)  [M = 1]7
d 50 274—376 G140 435 23E0  CHpN,O; 3125 (brs, NH); 365 (5, 4 H, 2 —CH,—), 234
5128 40 1392 805 (d, 2 H, H arom.}; 8.25 (d, 2 H, H arom ) )
e TS 199—200 6010 SBE 1933 Oy HgN;Op 325 (brs, NH); 365 (s, 4 H, 2 —CH,—), 219
6026 598 1916 373 (s, 3 H, —OMe); 6.90 (d, 2 H, H arom.);
7.65 (d, 2 H, H arom.) M
2 TE 27E—280 SEE] 549 2260 CpH N0, 2004, 3 H, Me); 3.65 (s, 4 H, 2 CH,—); 246
5853 573 227s 7.10 (s, 1 H, NH); 7.50 (d, 2 H, H arom.); M1
765(d, 2H, H arom.}; 9.90 (5, | H, NH):
10.20 (s, 1 H, NH)
g 52 185—IH6 4685 149 1629 C M CLN,O 325340 (brs, NH); 365 (s, 4 H, 2 —CH,—); 247, 259
4654 151 16.28 755 (d, | H, H orom.); 775 (d, | H, H arom.); a7
810 (s, t H, H arom.}
I 65 |20—122 6510 636 2051 € H; N0 235 (s, 3 H, Me); 3.30 {brs, NH), 363 (5, 4 H, 203
: G501 645 2068 2 —CH,—); 690 td, 1 H, H arom.); 7.19 [M]*
{t, 1 H, H arom.}; 7.55 {1, 2 H, H arom.}
N 74 158161 643 698 1928 C . HgNyO 205(s 3 H, Me); 225 (5, 3 H, Mc); 3.25 T
6534 696 1934 (br.s, MH), 3.65 (s, 4 M, 2 —CH,—); 7.05 [M]"

{m, 2 H, H arem.), 7.30 {4, 1 H, H arom.}

* Found (%): C1, 15.73. Calculated {%): €1, 15.85;
** Found (%); CI, 27.55. Caleulated (%) Cl, 27.47.
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